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Abstract
This study investigated the interrelatedness of physical disability, physical activity,
and depression among patients with multiple sclerosis (MS). We hypothesized that
self-reported physical activity would mediate the effect of disability on depressive
symptoms. Twenty-seven patients with MS (mean age: 49 years; 44.5% females)
completed self-rating scales covering sociodemographic variables, intake of anti-
depressants, physical activity, and symptoms of depression; disability was
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measured by the Expanded Disability Status Scale. We found a higher level of
disability to be significantly associated with more symptoms of depression. While
higher reported physical activity was descriptively associated with lower depres-
sion scores and unrelated to Expanded Disability Status Scale, physical activity
levels did not mediate the effect of disability on depressive symptoms.
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Introduction
Multiple sclerosis (MS) is an autoimmune, chronic, inflammatory, demyelinating,
neurodegenerative disease (Compston & Coles, 2008; Howard, Trevick, &
Younger, 2016). With its progressive character, MS is one of the most physically
disabling nontraumatic neurological diseases in early adulthood (Guimaraes & Sa,
2012; Howard et al., 2016). Both inflammation and neurodegeneration seem to
underlie the pathogenic process of MS (Compston & Coles, 2008; Howard et al.,
2016). Accordingly, inflammation and neurodegeneration are both linked to
increasing neurological and physical impairment, which consequently worsen
with the course of the disease (Motl, 2010). Depending on the degree and duration
of illness progression, MS may impair gait, gross motor, and fine motor skills.
Patients might be fully ambulatory, with or without aid, for longer distances, or
they might not be able to walk 100m without resting. Typical impairments encom-
pass sensory and motor dysfunction of the extremities, visual disturbances, gait
impairment, cognitive dysfunction, neuropsychiatric disorders, fatigue
(Chiaravalloti & DeLuca, 2008; Lode et al., 2009; Motl & Pilutti, 2012; Stuve &
Oksenberg, 1993), and paraesthesia (a sensory dysfunction characterized by sen-
sations such as tingling, tickling, pricking, numbness or burning of the skin;
Razazian et al., 2016).
As regards psychological symptoms of MS, patients often report fatigue,
paresthesia, and depression. The incidence of depression in patients with MS
is 40% to 50% higher than in the general population (Dalgas, Stenager, Sloth, &
Stenager, 2015; Ensari, Motl, & Pilutti, 2014; Feinstein, Magalhaes, Richard,
Audet, & Moore, 2014; Goretti, Portaccio, Zipoli, Razzolini, & Amato, 2010;
Jones et al., 2014; McCabe, McKern, & McDonald, 2004; Montel, Spitz, &
Bungener, 2012; Patten, Beck, Williams, Barbui, & Metz, 2003; Patten et al.,
2006; Siegert & Abernethy, 2005). Symptoms of depression have also been asso-
ciated with multiple psychosocial and health-related factors, including a
decreased quality of life (Ensari et al., 2014), impaired cognitive functioning
(Ensari et al., 2014), reduced work performance, lower treatment compliance
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(Gold et al., 2011), and increased morbidity and mortality (Feinstein et al., 2014;
Gold & Irwin, 2009). Accordingly, prevention and treatment of depression are
crucial to disease management.
Intervention recommendations for depression in MS are based on general
population guidelines (Brenner & Piehl, 2016), as the literature indicates similar
patient benefits from pharmacological (Koch, Galzenborg, Uyttenboogaar,
Mostert, & DeKeyser, 2011) and psychological treatments such as cognitive
behavioral and interpersonal therapies (Fiest et al., 2016). However, as regards
antidepressants, we also note that remission rates in patients with major depres-
sive disorders range between 40% and 60%, with maximum adherence rates of
50% after treatment onset (Haghighi et al., 2014). As a result, there is still a need
for more research to identify the specific challenges of treating depressive symp-
toms in general, and in patients with MS.
As an additional strategy for coping with symptoms of depression, regular
physical activity has gained increased attention for its efficacy in nonclinical
samples (Cooney et al., 2013; Josefsson, Lindwall, & Archer, 2014; Krogh,
Nordentoft, Sterne, & Lawlor, 2011; Lawlor & Hopker, 2001; Mead et al.,
2009; Rethorst, Wipfli, & Landers, 2009; Stathopoulou, Powers, Berry, Smits,
& Otto, 2006), among patients with major depressive disorders (Gerber,
Holsboer-Trachsler, Puhse, & Brand, 2016; Hallgren, Vancampfort, & Stubbs,
2016; Rosenbaum, Tiedemann, Ward, Curtis, & Sherrington, 2015; Schuch,
Morres, Ekkekakis, Rosenbaum, & Stubbs, 2017; Stubbs, Rosenbaum,
Vancampfort, Ward, & Schuch, 2016), and among patients with MS (Dalgas
et al., 2015; Ensari et al., 2014; Razazian et al., 2016). Importantly, patients
with MS are less physically active compared with the general population
(Giesser, 2015; Latimer-Cheung et al., 2013; McDonnell, Smith, &
Mackintosh, 2011; Motl, Dlugonski, Pilutti, Sandroff, & McAuley, 2012; Motl
& Pilutti, 2012, 2016; Pilutti, Platta, Motl, & Latimer-Cheung, 2014; Ploughman
et al., 2014; Waschbisch, Tallner, Pfeifer, & Maurer, 2009), though this differ-
ence in activity level is not present at disease onset (Sadeghi Bahmani et al.,
2016). Of course, physical inactivity in this population might derive in part from
neurological problems with the motor system, and such other MS-related symp-
toms as visual impairment, incontinence, dysarthria, nystagmus, cognitive
impairments, and low sensitivity that contribute to increasing disability
(Devine & Zafonte, 2009; Giesser, 2015; McDonnell et al., 2011; Motl &
Pilutti, 2012; Waschbisch et al., 2009), leading several researchers to attribute
physical inactivity to interfering physical disability in this population (Marck
et al., 2014b; Motl, 2010; Snook & Motl, 2008).
An association of higher physical disability and more numerous depressive
symptoms has been observed among elderly individuals (Cole & Dendukuri,
2003; Cronin-Stubbs et al., 2000; Kennedy, Kelman, & Thomas, 1990;
Strawbridge, Deleger, Roberts, & Kaplan, 2002; Turner & Noh, 1988) and
among patients with MS, though, for patients with MS, results were mixed.
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Researchers have observed an increasing risk of developing depressive symp-
toms with increasing disability, as measured by the Expanded Disability Status
Scale (EDSS; Kurtzke, 1983) among patients with MS generally (Chwastiak
et al., 2002; Jones et al., 2014; Kurtzke, 1983; Marck et al., 2014a; Mcivor,
Riklan, & Reznikoff, 1984; Millefiorini et al., 1992; Mohr, Goodkin, Gatto, &
VanDerWende, 1997), and others reported higher depression rates in patients
with MS, compared with individuals with a similar disability levels suffering
from other diseases (Patten et al., 2003; Rabinowitz & Arnett, 2009; Siegert &
Abernethy, 2005). In other words, physical disability and symptoms of depres-
sion are not necessarily or linearly associated, and the involvement of mediating
or moderating factors is likely. Specifically, physical activity might interact with
disability and depression to modify this relationship.
This study sought to investigate physical activity level as a mediating factor
between disability and depression and to thereby explain prior inconsistencies in
research findings. We hoped that increased physical activity might improve the
treatment of patients with MS who reported both higher degrees of disability
and depression. We formulated two hypotheses and one exploratory research
question. First, following others (Chwastiak et al., 2002; Kurtzke, 1983; Mcivor
et al., 1984; Millefiorini et al., 1992; Mohr et al., 1997), we expected higher
neurologist determined disability scores to be associated with higher self-
reported depression scores in our sample of patients with MS. Second, following
others (Archer, Josefsson, & Lindwall, 2014; Josefsson et al., 2014; Schuch,
Morres, et al., 2017; Stubbs et al., 2016; Vancampfort et al., 2015), we hypothe-
sized that higher self-reported physical activity levels would be associated with
lower symptoms of depression. Our exploratory research question was whether




Patients with MS within an international cohort study at the University
Hospital of Basel (Switzerland) were asked to participate in the present study
and in an additional cross-sectional and questionnaire-based study at the same
University Hospital. Potential participants were informed about the study’s aims,
the voluntary basis of participation, and the confidential handling of data.
Thereafter, they signed a written informed consent and completed self-rating
questionnaires covering sociodemographic data including disease duration, phys-
ical activity, and symptoms of depression (see later). Their disability levels were
measured by a neurologist, using the EDSS. The local ethics committee approved
the study as an amendment to an ongoing cohort study (EKNZ-Nr.: 285/11)
performed in accordance with the rules laid down in the Declaration of Helsinki.
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Twenty-seven patients (mean age: M¼ 49.00 years, SD¼ 14.5; 12 [44.5%]
women and 15 [55.5%] men) participated in the study, and their EDSS (see
later) scores and disease duration data were extracted from the cohort study
data. Inclusion criteria were as follows: (a) physician-determined MS diagnosis
(following the diagnostic criteria) irrespective of subtype (relapse-remitting, pri-
mary progressive, and secondary progressive); (b) neurologist-rated EDSS score
below 5.0; (c) age between 30 and 65 years; (d) willing and able to participate in
the study as attested by signed written informed consent; and (e) able to read
and write in German. Exclusion criteria were as follows: (a) further neurological
and psychiatric disorders; and (b) intake of medications apart from MS-related
medications and antidepressants. Twenty-three participants were diagnosed with
relapse-remitting MS, two with a primary-progressive course, and two with
secondary-progressive MS. The mean disease duration was 15 years (SD¼ 7.5;
mean EDSS was 3.5).
Measures
Physical disability. Expanded Disability Status Scale (EDSS) was assessed by
trained neurologists. The EDSS is an accepted and widely used tool to objectively
assess disability levels of patients with MS. The total score is ranked on a scale
from 0 to 10, with increments of 0.5 to 1 (Kurtzke, 1983), and with higher scores
reflecting higher levels of disability. Meyer-Moock, Feng, Maeurer, Dippel, and
Kohlmann (2014) reported in their systematic review the high validity and reli-
ability of the EDSS. They further conclude that the EDSS is suitable to describe
the clinical status and the physical disability and to monitor disease progression.
Physical activity. Patients completed the short form of the German version of the
International Physical Activity Questionnaire (IPAQ; Craig et al., 2003).
The IPAQ is a self-reported questionnaire based on a 7-day recall inventory,
which addresses four domains: Vigorous and moderate activities, time spent
walking, and time spent sitting. The days per week, and number of minutes
per day, during which the activities are performed, are assessed. Values are
truncated, if duration per day exceeds 180 minutes. All domains apply to work-
ing and leisure time physical activity (Craig et al., 2003). Craig et al. (2003)
reported the following psychometric properties: test–retest reliability:
Spearman’s Rho: 0.80. Further, the criterion validity had a median (rho) of
about 0.30: Following Craig et al. (2003), the latter result was comparable to
most other self-report validation studies.
The IPAQ scores can be treated as categorical and continuous data, calcu-
lated on the basis of multiples of the resting metabolic rate (MET), which is then
multiplied by minutes of activity performed per week. The MET score for vig-
orous activities is 8, for moderate activities 4, and for walking 3.3 (IPAQ
Research Committee, 2005). Categorical scores encompass the distinction of
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high, moderate, and low participation and were determined according to the
guidelines of the IPAQ Research Committee (2005).
Depression symptoms. To assess symptoms of depression, patients completed
the Beck Depression Inventory (BDI; Beck, Ward, Mendelson, Mock, &
Erbaugh, 1961) as part of the cohort study. The BDI was found to be an
adequate diagnostic measure for detecting and grading depressive symptoms
in various populations including MS patients (Benedict, Fishman, McClellan,
Bakshi, & Weinstock-Guttman, 2003; Sacco et al., 2016). The BDI consists of
21 items and asks about different dimensions such as depressive mood, loss of
appetite, sleep disorders, and suicidality. Each question has a set of at least four
possible responses, ranging in intensity; for example, ‘‘sadness’’: 0¼ I do not feel
sad; 1¼ I feel sad; 2¼ I am sad all the time and I can’t snap out of it; 3¼ I am
so sad or unhappy that I can’t stand it, and with higher scores reflecting
greater severity of depressive symptoms. Scores range from 0 to 63; the categor-
ical subdivisions are as follows: 0–13 points none or minimal, 14–19 mild, 20–28
moderate, 29–63 severe depressive symptoms (Kuhner, Burger, Keller, &
Hautzinger, 2007). Therefore, the scores can be treated as continuous and cat-
egorical values.
Medication use (antidepressants). Participants were asked to report the intake of
antidepressants (ADs; answers: yes vs. no; if yes: brand name, dosage, and
possible side effects).
Statistical Analysis
Analyses were performed with SPPS Version 23.0 (IBM Corporation, Armonk
NY, USA) for Apple Mac. The mediator analysis was conducted using two
different approaches. On one hand, the guidelines established by Baron and
Kenny (1986) were applied using multiple regression analyses. On the other
hand, the PROCESS syntax by Hayes (2012) was employed to estimate the
indirect associations more precisely.
The procedure established by Baron and Kenny (1986) was utilized to inves-
tigate the relationships within the variables and to estimate their indirect asso-
ciation. This approach comprises four steps. First, the independent variable
‘‘physical disability’’ should be significantly related to the dependent variable
‘‘depressive symptoms.’’ Second, the independent variable ‘‘physical disability’’
should be significantly related to the mediator ‘‘physical activity.’’ Third, the
mediator ‘‘physical activity’’ should affect the dependent variable ‘‘depressive
symptoms.’’ Fourth, mediation is likely if the effect of the independent variable
‘‘physical disability’’ on the dependent variable ‘‘depressive symptoms’’ is
reduced, compared with the result in step one, by controlling for the mediator
‘‘physical activity.’’
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The PROCESS version 2.15 (Hayes, 2012) was used due to the small sample
size in this study to assure the results. According to Hayes (2015), it is a
least squares or logistic regression-based path analytic framework for estimating
direct and indirect effects in single and multiple mediator models. The bootstrap
method is used for the estimation of an indirect effect. This technique has been
reported to be superior to other methods in small to moderate samples (Preacher
& Hayes, 2008).
Physical activity was treated as a potential mediator between physical dis-
ability and depressive symptoms. The IPAQ total score for physical activity was




Physical activity. The mean physical activity level (IPAQ total score) was 5,763.5
MET-minutes per week (SD¼ 5,349.3, range¼ 1,173–21,756); 37% of all par-
ticipants were highly active and 63% were moderately active.
Depression symptoms. The mean BDI score was 5.4 (SD¼ 4.2, range¼ 1–19).
One person indicated mild, all other patients no or minimal severity of depres-
sive symptoms.
Physical disability. The mean EDSS score was 3.5 (SD¼ 0.9).
Medication use (ADs). Eight patients reported the intake of AD medications such
as selective-serotonin-reuptake inhibitors, selective noradrenalin-reuptake
inhibitors, selective serotonin and noradrenalin-reuptake inhibitors, and tricyclic
ADs. Intake of ADs was not associated with BDI scores, t(25)¼2.029, p¼ .14.
Accordingly, intake of ADs was not introduced as confounder.
Mediation analysis with the IPAQ total score. The direct effect of disability on depres-
sive symptoms was calculated with a multiple linear regression model and
was significant (p¼ .02). The first prerequisite to investigate the mediator
effect of physical activity was therefore achieved according to the procedure
adopted from Baron and Kenny (1986). However, the relationships to and
from the mediator were not significant. More precisely, physical activity level
was statistically related to neither disability nor depressive symptoms.
Consequently, the mediation was very unlikely since the mediator was not
related to the other variables. Nevertheless, to test the mediation hypothesis,
the previously planned analyses were performed including the assessment of the
indirect effect.
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First, the multiple regression analyses (see Table 1) following the approach of
Baron and Kenny (1986) did not indicate a mediation. The inclusion of the phys-
ical activity level only minimally changed the direct effect of physical disability on
depressive symptoms from p¼ .01 to p¼ .02. Second, the indirect effect, estimated
with bootstrapping by using the PROCESS syntax, did not significantly differ
from 0 (0.07, 95% CI [ 0.21, 1.05]). Hence, the indirect effect for the IPAQ
total score, assessed with two different statistical methods, was not statistically
significant. However, we also note that the beta weight between physical activity
and symptoms of depression was negative, or simply put: higher physical activity
levels were associated with fewer symptoms of depression.
Discussion
Key findings of the present study were that, among a sample of adult patients with
diagnosed MS, higher disability scores and more depressive symptoms were asso-
ciated, while self-reported levels of physical activity (total score) were statistically
unrelated to degree of disability. However, while the regression weights (betas)
were not statistically significant, we observed that higher levels of physical activity
were associated with fewer symptoms of depression. Therefore, the present results
add to the current literature in that we showed a direct association between dis-
ability and symptoms of depression, while, descriptively, increased physical activ-
ity was associated with lower scores for symptoms of depression.
With regard to our first hypothesis that higher disability scores would be
associated with increased symptoms of depression, our data did confirm this
and are in accord with previous results. In past studies, such associations were













Intercept 14331.27 3177.76 – 4.51 .000 –
Physical disability 401.76 1031.07 .08 0.39 .71
Multiple linear regression analysis to describe symptoms of depression as dependent variable and physical disability and
physical activity as predictor.
Symptoms of
depression
Intercept 3.75 3.581 – 2.969 .046 1.907
Physical disability 2.21 0.841 .620 2.629 .016
Physical activity 0.09 0.003 .225 1.02 .320
IPAQ¼ International Physical Activity Questionnaire.
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reported among elderly people (Cole & Dendukuri, 2003; Cronin-Stubbs et al.,
2000; Kennedy et al., 1990; Strawbridge et al., 2002; Turner & Noh, 1988) and
among patients with MS (Chwastiak et al., 2002; Kurtzke, 1983; Mcivor et al.,
1984; Millefiorini et al., 1992; Mohr et al., 1997). However, the present results
expand upon existing research in that we were also able to show such associ-
ations among a smaller sample of patients with MS who had taken antidepres-
sant medication, and we showed that this association occurred irrespective of
such possible confounders as age and gender.
With regard to our second hypothesis that higher physical activity scores
(total score) would be associated with fewer symptoms of depression, again,
our data showed this association trend in the expected direction, though the
beta weight was not statistically significant (p> .1), possibly because p-values
are sensitive to sample sizes (Bosco, Aguinis, Singh, Field, & Pierce, 2015), a
limitation of our study.
With regard to our exploratory research question of whether self-reported
physical activity would mediate the association between higher scores of disabil-
ity and increased symptoms of depression, the answer was no. The present pat-
tern of results did not confirm the assumption that physical activity has a
mediating influence on the association between physical disability and symptoms
of depression among patients with MS. Further, as reported in Figure 1, phys-
ical disability and physical activity were completely unrelated (beta¼.0.09),
suggesting other underlying links between physical disability and symptoms of
depression in this population. The quality of our data does not allow a deeper
understanding of any underlying physiological or psychological mechanisms,
but we might speculate. First the current state of physical activity was unrelated
to the current state of physical disability, because physical activity levels after
disease onset are related to the amount of physical activity before disease onset
(Motl et al., 2012). Future studies should assess physical activity levels before
disease onset, in order to better understand this possible confound. Second,
physical activity levels may vary as a function of lifestyle. Ekelund et al.
(2016) showed that physical activity levels, inactivity, and a more healthy or
unhealthy lifestyle were associated. Accordingly, future studies should assess
more thoroughly such dimensions of life style as (a) leisure time activities, (b)
low or moderate intake of substances such as alcohol and tobacco, (c) following
nutritional guidelines such as eating fruits and vegetables in abundance, and
keeping limiting the intake of fat and carbohydrates, and (d) keeping the
wake-sleep-rhythm stable and in accord with day-night-time. Third, though
highly unlikely, both the EDSS and the IPAQ may not adequately reflect phys-
ical disability and current physical activity levels.
Clinically, the present results replicate prior indications that patients with MS
are at higher risk of depression, suggesting a need for thorough professional
psychological support beyond that provided by neurologists. Future researchers
should study why physical disability may lead to increased depressive symptoms
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in some, but not all, patients with MS. Simply and more specifically put: Which
‘‘psychological transmission belts’’ may link physical disability with greater or
lesser symptoms of hopelessness, helplessness, and decreased interest in life?
Perhaps psychotherapeutic interventions such as cognitive behavioral therapy,
detached mindfulness, or stress management have the potential to disconnect
physical disability from the dysfunctional cognitive-emotional processes that
lead to symptoms of depression. Identifying such psychological factors may
help explain why the degree of disability was not associated with degree of
physical activity (see Figure 1) as would have been expected. Future research
should also address how to motivate patients with MS to remain as physically
active as possible, given the association between higher physical activity levels
and fewer symptoms of depression in this study and in previous research (Kvam,
Kleppe, Nordhus, & Hovland, 2016; Schuch, Vancampfort, et al., 2016).
Toward this end and based on prior literature (Gerber et al., 2016; Hallgren
et al., 2016), we propose the following: (a) Exercising should be made as pleasant
and enjoyable as possible, perhaps by choosing the right activities and intensities
or creating an autonomy-supporting climate; and (b) any kind of physical
Physical Activity 
Physical Disability Depressive Symptoms 
β = 0.62 
p = 0.02* 
The indirect effect did not significantly differ 
from 0 (0.07, 95% CI [-0.21, 1.05]) 
β = - 0.23 
p =   0.32 
β = - 0.09 
p = 0.70 
Figure 1. The expected connectedness of the three factors, physical activity, physical dis-
ability, and depressive symptoms, using the IPAQ total score as the physical activity meas-
ure. Relationships between variables were tested with multiple regression analyses. The
indirect effect was analyzed by bootstrapping.
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activity (duration, frequency, intensity, type of activity) should be visualized,
since visualizing progress provides powerful, easy, and efficient feedback that
increases motivation and helps to compare one’s own standards and perform-
ance over time, while comparisons with ‘‘artificial’’ or ‘‘virtual’’ standards such
as health recommendations or examples from media, may decrease the self-
paced motivation. (Note that Lindegard, Jonsdottir, Borjesson, Lindwall, and
Gerber, 2015, found changes in mental health among patients with stress-related
exhaustion, who did not meet the minimum recommended three bouts of mod-
erate to vigorous exercising per week.)
Our findings should be considered in light of several limitations suggesting a
need for cautious interpretation. First, our sample size was small, and it pre-
cluded the detection of possible statistically significant findings, suggesting a need
for future studies to use more participants. Second, we excluded patients with
EDSS scores higher than 5, perhaps limiting the generalizability of these findings
for patients with greater disability. Third, although our center treats all patients
with MS, we did not include patients without sufficient German language skills.
Fourth, physical activity was subjectively estimated through self-report which
might have under or overestimated physical activity frequency, duration, and
intensity (Fogelholm et al., 2006), in relation to more objective accelerometer
data. Fifth, we relied on a subjective outcome data, while for instance, Bansi and
coworkers (Bansi, Bloch, Gamper, & Kesselring, 2013; Bansi, Bloch, Gamper,
Riedel, & Kesselring, 2013) reported favorable changes in inflammatory markers
and fatigue after endurance and short-term intervention trainings. Future studies
should utilize interventional designs and objective physiological measurements.
Sixth, our patients with MS reported low symptoms of depression, interfering
with a differentiated statistical approach to studying this variable. Seventh, we
did not address such latent and potentially influential factors as fatigue, pares-
thesia, anxiety, sleep quality, or stress, all of which might have mediated these
results and might be considered in future studies.
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